A simplified variational approach, stress-based, for the analysis of symmetric crossply laminate was developed in Part 1 of this work. It was also tested for the 1-D problem, orthotropic plate in a cylindrical bending, solved exactly by Pagano. This simplified approach is extended here to a two-dimensional structure. The accuracy of the present approach is examined by applying it to the case of rectangular laminated plate with simple support for which the elasticity solution was obtained [1, 2] . The present approach gives results for multi-layered laminate with small span-tothickness ratios that compare well with those from elasticity solutions and other known theories as well.
INTRODUCTION
As the technology of composites advances, laminated composites are used for thick and moderately thick structures. Also, laminated plates made of advanced composite materials, whose elastic to shear modulus ratios are very large, are susceptible to thickness effects because their effective transverse shear moduli are significantly smaller than the effective elastic moduli.
The classical laminated plate theory, CPT, is inadequate for these types of laminates since it ignores the transverse shear effects. Thus, the shear deformation theories were emerged. Shear deformation theories, FSDT with pre-assumed continuous displacement field across the thickness require a shear correction factor and suffer from locking problem. Thus the higher order, HSDT were developed.
The continuity of the displacement field and its derivatives through the laminate thickness is in contradiction with the continuity of transverse stresses. Thus, the transverse stresses predicted are doubled value when using constitutive relations. To remove these discrepancies in ESL, the Layer Wise models, LWM were introduced which give excellent results for both global and local distributions of displacements and stress. However, LWM's suffers from a numerical crisis if the layer number becomes large.
A stress-based approach developed by the authors in a previous work [3] was tested by the bench-mark problem for the plate in a cylindrical bending solved exactly by Pagano. The presented simplified approach gave good results for out-of-plane displacement and the transverse stresses. This approach is now to be applied for the 2-D problem. Specifically, the problem of a symmetrically bidirectional laminate with pinned edges under static bending forces is considered. For the sake of brevity, the details of the derivation of equilibrium equations, variational analysis and continuity conditions are omitted, see [3] . For the sake of continuity, only relevant equations are provided. To assess the proposed approach, the problem of bending of a 3, 5, 7 and 9-layered, symmetrically laminated rectangular and square plates simply-supported on all edges are investigated. Numerical results are given and compared with those resulting from the elasticity solution, ES, classical lamination theory, CPT, shear deformation theory (first order, FSDT and higher order, HODT) and layer wise, LWM, as well.
GOVERNING EQUATIONS
Consider a laminated plate composed of an arbitrary number of orthotropic layers such that the various axes of elastic symmetry are parallel to the plate axes. The simple support boundary conditions are expressed as 
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Where a and b denote the length and the width of the plate, respectively. A transverse normal loading,
π , is applied to the top surface, while the lower surface is traction-free.
Since the stress resultants must satisfy the following equilibrium equation [3] ; 
And using the following constitutive relations for orthotropic laminate [3] o , 
where, α, 1,2 β = , The stress resultants are chosen to be in the following form 
And the generalized displacements are also chosen as
Where; ( ) are constants to be determined using the equilibrium equations (2), the constitutive equations (3), and satisfying boundary conditions at and (simple support). Since a bidirectional orthotropic laminate is assumed, we get the following 8 equations
11,1 12,2 1 S hd ( w = ψ + , 1 )
Solving these 8 equations leads to the determination of the both stress resultants ( ) and the generalized displacements (
, ,w
NUMERICAL EXAMPLE
Here we present numerical results. The three-dimensional elasticity solutions of Pagano [1] and Pagano and Hatfield [2] for simply supported rectangular plates under sinusoidal loading are used to assess the present approach.
The following laminated plate problems are considered: 1. Square laminates consisting of 3-, 4-, 5-, 7-, and 9-layers. 2. A 3-ply laminate of rectangular geometry ( b/a = 3). All the laminates are with layers of equal thickness and subjected to sinusoidally distributed transverse loading
Each layer is a unidireticonal fiber reinforced material with the following properties, which simulate a high modulus Graphite/Epoxy laminate
, Where L signifies the direction parallel to the fibers, T is the transverse direction and is the major Poisson's ratio. Three-dimensional finite element [7] , 5. First order shear deformation theory, FSDT, [8] . which almost represent all the models used for the analysis of laminated plates. The analogous CPT results, quoted by [1] and [2] , are given as well. Although equivalent single layer approach is adopted, a computer program, MathCad, was necessary to find the expressions of the eight unknowns, see Appendix.
Max Central Plane Deflection " w " at (a/2, b/2) Table 1 . contains the nondimenionalized deflections for 3-(square), 5-, 7-, and 9-layers laminate. The results were normalized using the following terms [2] ,
where The results for the in-plane displacement are obtained using [3] 
CONCLUSION
A simplified approach, stress-based, was examined by the authors for laminated plate in cylindrical bending [3] has been extended for simply supported cross-ply symmetric laminates. Average stiffness moduli are considered to characterize the laminate properties, ESL. In order to verify the accuracy of the presented approach, a square plate with 3-, 7-, 5-and 9-layers and a rectangular plate with 3-layers orthotropic laminates of equal thickness has been examined. Aspect ratios (span-tothickness)of 2, 4(thick), 10, 20(intermediate) and 50, 100(thin) have been considered. Numerical results have been compared with the elasticity (exact) solutions and other models (CPT, FSDT, HSDT, LWM, 3-D FE) as well and the following observations are made for 1. The present approach estimates the central deflection very well compared to the elasticity solutions, ES, almost for all the considered aspect ratios, 2. For the transverse shear stress, the present approach is in a good agreement with the elasticity solutions especially for intermediate aspect ratios and yields better results than both the FSDT and HSDT of Reddy [8] , 3. The present approach estimates both the transverse normal stresses and the inplane displacement, at the surface, very good as compared to the 3-D elasticity (exact) solutions by Senthil and Batra [4] , 4. The present approach is consistency in the sense that it yields results with the same level of accuracy for all the multi-layered laminate considered, 5. The assumption of continuity of the longitudinal stress at the laminate interfaces which violates the continuity of the displacements causes significant differences with the elasticity solutions for the thick and intermediate laminate. However, the present approach compares fairly good for aspect ratio greater than 20,
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APPENDIX
Equations of The Generalized Displacements [6] 0.566 2.13 ------------0.582 1.14 1.036 0.613 ---- 
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